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3 . nonTRANSLATED RNA SEQUENCE AND STRUCTURE REQUIRED FOR REPLICATION OP HEPATITIS C VIRUS RNA 
M CULTURED HUH7 CELLS. 

MinKyvng YJ and SM Lemon. 

Department afWcmbiology & Immunology. The University of Texas Medical Branch at Galveston, Texas. USA 

We canted out an extensive mutational analysis of the 3* nontranslated RNA (3'NTR) signals required ^^^.^5*^* 
hepatitis C vims (HCV) RNAs IfitransierrHytransfected cells. The 3'NTR of HCV consists of a noi^e^re^(na). avartafite 
SwIyfU/UC) track end a high V conserved. 3' terminal 88 nt segment (3'X). Previously. Yanagl at aLJPNAS 96:2^1-96., 
1999) demonstrated that genome^englh RNAs with large deletions in the pdy(UAJC) region and ™™^J*^™&^ 
In the chimpanzee, while a 24 nt deletion in the rtcr had Otfle apparent effect on repficabon caP^-^^^f^^ 1 ?^"" 
carried out a more detailed analysis of the requirements for structure and sequence within ^JfB^^ 
Methods: To study the effect of 3'NTR mutations on RNA replication, we used subgatwrnic HCAAN '•P?'*™ - *^L^eB^ita 
human immunodefldency (HIV) virus tat protein and therefore induce expression ol Isecrated alkaline ff^^ t SEA /Ti" 
proportion to the abundance of repBcon RNA in transientiy^sfectatj En5-3 ceOa (stably transformed riuh7 ceto thatacprw 
SEAPurrfercontn* of the HIV LTR pronator). We ar^ 

block mutations and single base substitutions using PCR and QuickChange mutagenesis. Results: RNA repBcatonwas urtdeteefr 
able in this system when any or aO of the putative stem-loop structures within the 3'X region were deleted. Reparation wasateo 
abrogated by block substitutions within either strand forming the duplex stem of the most 3* stem-toop (SL-1), and couiQ not oe 
restored by the creation of complimentary block sibstitutions. The effects of Individual base substitutions within the «^ 
from little influence on RNA amplification to the complete abrogation of replication. Among the single mutations that Hocked 
replication, some compensatory mutations within the opposite strand that restored bass-pairing ateo rratDn^iBplh^jjr^ 
others did not Thus the specific nucleotide sequence as wen as the structure of the stem of SL-1 ^<^^™£ ca ™"; 
Single nucleotide substitutions within the loop of SL-1 adjacentto the stem also ^^P^ 0 "' ^ff ^J^^t! £2 
three nucleotides were well tolerated. Most single nucleotide substitutions introduced Wo the putative SL-2 and SL4 duplex stems 
resulted in the loss of replication, but none of these mutations could be rescued by compensatory mutations ^J* 5 *™*! 0 * 3 ?" 
pairing. A replacement analysis indicated that at least -41 nts of the poiy(U/UC) (from Its 3' end) Is required for repflcaflon^in 
contrast multiple tome deletion mutations were tolerated within the nor region with only moderate toss of replication capacity (10^ 
of wild-type). Conclusion: The 3' 140 nts of the HCV genome contain critical RNA sequences and structures that areesaen rat or 
replication, while the upstream 3'NTR sequences contain accessory signals mat support this function but can be «IM «»BUt 
completely abrogating replication. \ ' 
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EVIDENCE FOR A PROTEIN-MEDIATED F-S' INTERACTION OF THE BVDV RNA GENOME 
Otof /sten*, Cteus Grassmann, Haiying Yu and Sven-Erik BehrenS' 

InsmmrVMogh, Justus-UebigAJnhwsitat, Giessen, Germany; Fox Chase Cancer Center. Philadelphia, USA* 

Following the entry Into the host cell, the genome of (♦)-strand RNA viruses exerts two major functions. Initially, ttoperetwasa 
mRNA to yield the viral proteins. During replication, it serves as a template of the viral rjoiyrnerasa. med^^ conbom^ 
bolh competing processes are unknown but mey are esaemlal for tr» regulation 

wBh the pesttvirus BVDV (bovine viral diarrhea vtrus), a dose relative of hepatitis C virus t"^. "^^^^ ^^T™ ™ 
viral genome participate in the translation as weD as In the replication cycle. Thus, we could distinguish RNA jnottfc that are 
/ exdusivery Involved In either translation or replication. Moreover, wb defined "H-functional" signals in the o end T pcrttenortns 
genome that moduJato both processes. The tetter signals are cansWared as Important regulators between translation a^repuce- 
tian - a scenario, which necessarily demands a functional cross talk between the viral RNA termini We have obtoinodovWenTC»Bo 
suggest that a 5"-3' communicatian of the BVDV genome Is mediated by cellular proteins. CrossfinHng and competition expen- 
mento with the 3 1 and 5* untranslated regions (UTte) of the viral revealed t^ 

with eiementa of each of these regions. Iriterestingly, sorne of these elements correspond to ^°^J^^'^^^^!' 
RNA signals. Mirtatiow that Impaired the protein Interaction with the 3-UTR had severe ^^^^^^S^?!^?^ 
and inhibited rWArepfieatfon. Most interestingly, enriched fractions of these proteins stimulated an association rf*eBVD>^and 
3'UTR. ThasB data strongly Indicate the existence of a protein-bridge between the termini of the BVDV genome and suggest a 
dosed loop formation es a prerequisite for the switch from translation to RNA replication. 
Contact author: Svan-Erlk BEHRENS 
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3 # TERMINAL BASE REQUIREMENT FOR HCV REPLICATION 

Nfgel Horscraft, Dan Bellows, Suhafla Nairn, Shannon Dempsey, ZNHong, WeidongZhong 

ICN Pharmaceuticals, Costa Mesa, CA, USA 

The 3"X region at (to end of HCV genome is highly consented Including several 3' terminal bases and ft Is shown to play an 
essential role in HCV replication. We used the HCV subgenomic repEcon system to systematically evaluate the role of the last 3' 
terminal bases (.. -AGIW) in viral RNA replication. Over 30 specific changes were Introduced by PCR into the 3' terminus of the 
repiicon RNA including deletions, additions, substitutions, end double mutations. Many of the changes were designed to preserve 
the secondary structure of the 3* X region. Effects on replication of these modified repiicon RNAs were assessed by a reporter- 
based assay as wed as a colony formation assay. Our results showed that a pyrimidine base at the 3* terminal position (+1) is 
critical for replication. The change of the terminal U base to C was allowed and resulted in replication at comparable levels to the 
wild-type repiicon, Indicating that initiation of RNA synthesis by OTP Is tolerated. However, sequence analysis of RNA isolated from 
the colonies produced fay the repiicon RNA revealed that the C base had reverted to the wBcWype U base. Indicating that despite 
efficient Initiation at the C base, the terminal U base may provide a beneficial yet unknown advantage beyond the initiation .stage. 
Any changes at the +2 (G) or +3 (A) position completely abolished repiicon replication suggesting that these two bates are 
important for proper replication initiation. Consistent with our enzymatic characterization, strict purine bases at +2 end +3 positions 
are evolved to ensure initiation at the preferred terminal pyrimidine base. Similar base arrangement is also preserved at the 3' end 
of the (-)-strand RNA. Furthermore, deletions of the terminal U and QU bases were detrimental. Interestingly, insertion of a single 
pyrimidine nucleotide to the end of the repOcon resulted In reduced but, nonetheless, significant replication. This suggests that 
internal initiation at a +2 pyrimidine base may occur, which would be detrimental and result in the loss of the terminal base if the 
genome ends with the authentic pyrimidine base. Increasing the number of bases added to the 3* terminus resulted in a propor- 
tional decrease in the replication efficiency. A modsl for terminal initiation wfll be presented in the context of both polymerase end 
viral RNA. 
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SUBGENOMIC HCV REPUCONS INDUCE A MEMBRANOUS WEB THAT IS INVOLVED IN RNA REPLICATION 
Reiner Gosert (1,2), Denlae Egger(2), Volker Lnhmartn (3), Ralf Bartenschtager (3), Hubert E, Blum (1), KurtBknz (2) and 
Darius Momdpour (1). 

(1) Depict Medicine 11, Unhr of Freiburg, D-79106 Freiburg, German* (2) Institute of Medical Microbiology, University of Basel, 
CH-4003 Basel, Switzerland, and (3) Dept of Molecular Virology, Unhr of Heidelberg, D-69120 Heidelberg, Germany, 

Plus-strand RNA viruses Induce specific cytoplasmic membrane alterations that are indispensable for replication of the vbal ge- 
nome. For HCV, the intracellular site of RNA synthesis has not been defined end it Is unknown whether modified cellular mem- 
branes are required for RNA replication. We have previously shown that expression of the entire HCV p or y pro tein in tetracycline- 
regulated cell lines Induces distinct membrane alterations. A candidate viral replication complex was found to harbor aO structural 
and nonstructural proteins end was designeted 'membranous web'. The membranous web could be induced by NS4B alone and 
was very similar to the 'sponge-dee Inclusions' previously found by electron microscopy (EM) in the Ever of HCNHnfected chimpan- 
zees. Here, we investigated whether Intracellular membrane alterations occur during HCV RNA replication. Methods; Naive HuH- 
7 cells and HuH-7 cells harboring selectable subgenomic repficons (NS3-NS5B) were examined by Indirect Immunofluorescence 
microscopy (IF), EM, and Immunocytochemistry EM (IEM). HCV nonstructural proteins were detected with monoclonal antibodies 
(mAbs) by IF in light microscopy (LM) and ty 

of minus polarity either RTC-tabeled far LM or digoxrgenin- or btotirviabeied for EM bi situ hybridization (ISH). HCV»specHlc RNA 
synthesis was located by BrtJTP Incorporation in the presence of actinomycin 0. Results: By IF, HCV nonstructural proteins were 
found in a reticular staining pattern and in dot-like structures in the cytoplasm of HuH-7 repiicon cells. At the uftrastructural level, 
these structures correspond to the membranous web previously identified in tetracydine-regutated cell lines. By IEM, the membra- 
nous web was found to contain aD nonstructural proteins. Viral pius-strand RNA 9 detected by ISH. was also found on the membra- 
nous web. By double-IF, both newly synthesized viral RNA and proteins localized to similar dot-like structures. Conclusion: In ceDs 
harboring a subgenomic repiicon the membranous web contains aO nonstructural proteins, the bulk of pius-strand RNA, and newly 
synthesized viral RNA. Thus, the membranous web is the site of RNA synthesis and represents the HCV replication complex. 
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